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　　　　　　　　　　　　　　　　　　　　　　　　　　Abstract
　Sandstone　dikes　in　the　Eocene　Shimanto　Belt　of　Shikoku　show　ａ　preferred
orientation direction. The pattern of orientation can be classified into three types : .
type ｌ parallel to cleavage, type　皿　inclined and type Ⅲ　perpendicular to cleavage･
The sandstone dikes were apparantly formed in a high pore-pressure environment with
already compacted and significantly, dehydrated mudstone intercalations. The orientation
of type Ⅲdikes show ａ trend perpendicular to the general Shimato strike suggesting
that the orientation was controlled by maximum compression direction which was indue-
ed by plate convergence.　　　　　　　　　　　　　　　‘
　　　　　　　　　　　　　　　　　　　　　　　　ＩＮＴＲＯＤＵＣＴＩＯＮ。
　During　the　course　of　study . on　the　Shimanto Belt in　Shikoku, Japan, which　is
ａ　Cretaceous　to　Tertiary　subduction　complex, I　have　found　many　types　of　soft
sediment　deformation.　Especially　in　the　Tertiary　part　of　the　Shimanto　Belt,
synsedimentary　dehydration　structures　such　as　pillar　and　dish　structures, large-scale
slumping　and olistostromes　occur　quite　commonly. Besides　these, a　large　quantity
of　sandstone　dikes　is　also　recognized. Field　observation　of　these　sandstone　dikes
suggests that they show a kind of preferred orientation indicating that some significant
factors have controlled their formation｡
　The sandstone dikes in the Eocene Murotohanto Group ( Taira and others, 1980)
have been studied previously by Katto (1961), Terashima (1967) and Umemura and
Uematsu (1980). Terashima (1967) described many types of sandstone dikes including
strait, ptygmatic folded, faulted and fractured types. He considered　that　the　dikes
intruded　into　water-saturated　sediments　and　later　were･ deformed　by　compaction　and
tectonic movement.　Umemura　and　Uematsu ( 1980) focused　on　the deformation　of
sandstone　dikes　in　relation　to　the　generation　of　slaty　cleavage.　　They　suggested
that the slaty cleavage was formed perpendicular to the maximum compressive direction
and　deformation　of　dikes　was　closely　associated　with　this　event.　These　previous
studies, however, did　not　give　insight　into　the　origin　of　sandstone　dike　itself　and
its significance｡
　・In　this　study, l　have　examined　about　100　dikes　at　two　locations　in　the　Eocene
Murotohanto　Group.　Orientation　data　and　field　relashionships　were　analysed
in　order to　investigate　the　sifnificance　and　implication　of　sand　diking　in　the
accretionary prism.
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GEOLOGIC SETTING
　The　Shimanto　Belt　is　the　largest
extending some 1,800 km along its strike
３０°
geologic　terrane　of　Japanese　Islands,
with maximun width of 100km (Fig. 1).
１３０°
Fig. 1
１３５°
Shimanto Belt
Cretaceous Shelf Basins
Cretaceous Forearc Basin
Cretaceous Volcanics
ＣｒざtaceousNonmarine Deposits
１４０°
Distribution of Shimanto Belt and associated rocks.
The　belt　is　composed　of　two　subbelts :　northern　subblet　of　Cretaceous　age　and
southern subbelt of Tertiary age. It　has　been　most extensively　studied　in　Shikoku
especially　from　stratigraphical, sedimentological　and　paleomagnetic　points　of　view
　(Taira and others, 1980;　Okamura, 1980 ；　Taira, 1981 ；　Kodama　and　others, 1983 ) .
Through　these　investigations, the　Shimanto　Belt　is　believed to　become　the　best
dated subduction complex in　the world.　These studies allowed　us　to　reconstruct　the
nature　of　ancient　subduction　zone　including　the　pattern c f　trench　sedimentation,
subducted oceanic plate facies and plate motion velocity (Taira, 1981).
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　Although a prenty of data is thus available on　stratigraf?hy of the belt, relatively
　　　　　　　　　　　　　　　　　　　　　　　flittle investigations have been undertaken　on　structural　fabrics.　Sandstone　dikes
are quite important in this aspect because it is expected that the structural evolution
of accretionary prism apparantly is ａ continuous process from soft sediment to lithified
sediment deformation.
Fig. 2 Location map of studied area as shown in　Fig. 3
　The studies locations are situated in　the westerm　coast of　the　Muroto　peninsula,
southeastern　Shikoku ( Fig. 2 ) .　The　stratigraphy　of　this　area　is　classified
to　the　Eocene　Murotohanto･ Group　and　Miocene　Nabae　Group ( Fig. 3 ) .　The
Murotohanto Group is composed　of　two　lithofacies　units :　melange　unit　and　flysch
unit.　The　melange　unit ( Sakihama　melange ) is　composed　of　pervasively　sheared
black shale ( melange matrix) in which meta basalt, red shale and sandstone are embedded
as tectoniclenses (Taira and others, 1980)｡
　The flysch unit ( Naharigawa and Muroto Formations) is composed　of interbedded
sandstone and shale. Sandstone is dominantly fine to medium grained with sedimentary
structures　characteristic　to ・ turbidite　sedimentation.　　Paleocurrent　direction　is
axial　with　NE　t０ sw　flow　pattern.　The　beds　strike　N40E　to　N90E　and　dip
with high angle topping dominantly to the north. Flysch unit and　melange　unit　are
usually　in　contact　by　high　angle　reverse　faults.　To　the　south　of　Murotohanto
Group, the　lower　Miocene　Nabae　Group　is　exposed　which is　composed　of　flysch
and olistostromes｡
　At the Cape Gyoto　section, sandstone　dikes of Muroto　Formation　were examined
and at the Cape Hane, those of Naharigawa Formation.　　　　　　　　　l
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Fig. 3.　Geologic　map　of　the eastern　coast　ｏ! the　Muroto･　Peninsula. Legend　for
　　this map is shown in the next page.　After Taira and others (1980).
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　　　　　　　　　　EXAMINATION OF SANDSTONE DIKES
ＱｘｐｅＧ＼ｏtｏＳｅｃtｉｏｎ.
　Well exposed　flysch sequence　and slump　beds　with　abundant･ sandstone　dikes　were
inspected at　the　Cape　Gyoto (Plate　lA).　Radiolarian　fossils　recovered　from　this
location were correlated to Middle Eocene (Okamiira, Personal ｃｏｍｍ.）　Beds strike
approximately N40E and dip 80 ° to the north, and slaty cleavages strike N70E and
dip 60° to the south. Thickness of dike reaches up t０ 40cm and mixmum continuation is
about　30m（Table　l）.　Overall　orientation　of dikes　indicate　that　there　is　a　group
distinctively　parallel　to　slaty　cleavage　plane (Figs. 4　and･　5）.　The　orientation
of poles　of sandstone　dike　restored　to　the　cleavage　plane　horizontality　is ，shown　in
Figure　6.　This　diagram　shows　a　prominant　girdle　distribution　and　virtually　no
poles are present around the north and south higher lattitude area.
　Taking　30　degrees　inclination　angle　as　an　interval, we　can　devide　the　dikes
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ORIENTATION DATA OF SANDSTONE DIKES, CAPE GYOTO
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58　　　58
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27　　　98
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80　　330
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H=Width of dike in cm. L=Continuity of dike in meters. I＝】ncliationof dike
pole in degrees downward. D=Declination of dike pole in degrees measured
clockwise from the north. Ｆ and D'=Inclination and declination of dike pole
restored to the bedding‘ horizontality. I″ and Ｄ″=Inclination and declination
of dike pole restored to the cleavage plane horizontality
Ａ
CAPE GYOTO
Ｂ
CAPE GYOTO
Fig. 4.　Lower hemisphere stereoplot of poles of sandstone dikes (solid circle),
　　bedding (larger circle )and cleavage (χ) . A = In　place　data, B = Restored
　　to bedding horizontality. Cape Gyotoン
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CAPE GYOTO
Fig. 5.　Plot of poles of sandstone dikes restored
　　to cleavage plane horizonality. Cape･Gyoto･　・
???
４
Fig. 6 Sketch of･dike 94, Cape Gyoto. ・
　　　　　　　　　　　　　g　j　　　　・
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conventionally　into　three　groups :　type　I, parallel　to　cleavage　plane　with　inclination
of　pole over　60 degrees ； type n , a group with inclination 60 t0 30 degrees ； type
in , perpendicular to　cleavage with　inclination less　than　30 degrees. There is ａ minor
group showing a parallelisふto the bedding plane which is called as type IV (see plates
1, 2, 3).
　It should　be　noted　that　this　type classification does not imply　the　independency
of dikes, instead ａ single dike can change one type　to the　other contineously, which
is more common characteristcs. For example, the　dike 94　starts　from　ａ　10cm　thick
turbidite　bed　with　N70E　75N　orientation　which　is　subparallel　to　cleavage　then
changes　to　N25W　75E　segment　which　is　perpendicular　to　cleavage ( Fig. 6　and
Plate　ｌ　B, C, D).　This　dike　was　fed　not　only　by　the　initial　bed　1, but　also
by other beds such as beds 2，5 and　7 during the course　of intrusion　judging　from
amalgamation　nature　of contact. This　indicates　that　many　sand　beds　were　over-
pressured　4t　the　time　of　diking.　　The　dike　97, which is　about　25cm　thick, also
exhibits　ａ　good　example　of contineous　transformation　of　dike　type　from　type　l to
typeⅢ( plate ２Ｂ）.The dike 96 is a rare exaple of type l to type IV change
　(Fig. 7 and platd 2A).
←』乙→
→
???????
?
　　　　　　　　　　　　　　　　　　　　　　　Ｆｉｇ･.'７．　Sketch of dike 96， Cape Gyoto.
　　The　direction　of　intrusion　of　sandstone　dikes　was　apparantly　controlled　by　two
major groups :　type　l　and　type　ｍ　with　N20W　mean　strike as indicated by Fig. 8.
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　1･Type　H is ａ transition type　formed　during　type ｌ to type ｍ transformation.
　　The dikes 103 t０ １１０ occur within slump beds which show slump folding, lenticular
sandstone　body　and　chaotic　bedding.　Ａ　pervasive　cleavage　direction　parallel　to　the
170 高知大学学術研究報告　第32巻　自然科学
Ｎ
Fig. 8.　Rose　diagram (20,゜interval) showing　the
　　　angular　frequency　of　strike　direction　of　Type　Ⅲ
　　　　(high　angle　to　cleavage ) dikes, Cape　Gyoto.
　localgeneral trend was observed. The sandstone dikes cut into slump beds　parallel
　tocleavage plane regardlむss of slump disturbance (Plate ３Ａ，Ｂ).　　　　　　　　　　　　　　，
　Features indicative　of post-intrusion　compaction　were　a!sｏ' observed.　For　example,
folding　and　shortening　of　dikes　occur　typically ，in type'Ⅲ　dikes.　　A　differential
compaction around the vertical dikes is　also recognized･Around　the dike　73, beds
were　compacted　differentially l between　dike-contacted･　part　and　uncontacted　part
　(Fig. 9). Amount of compaction can be estimated by (HI－Ｈ砂/HI which gives 0.24
　(see Fig. 9).　　　　　　　　　　　　　　　　　　／づ　一一
１3｡
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Fig. 9 Compaction around the dike 73，Cape Gyoto
Above fieldobservationsand data analyseslead to the followingconcli】sions･
　At the time of sand diking, there was certainlya platy fabric already developed
in　shale　part　parallel　to　slaty　cleavage.　This　fabric　apparantly　posessed an
anisotropy　strong　enough　to　controll　the　diking　direction.　Let　us　call　this　as
　“intial platy fabric”Many sand beds, on the other hand, were still unconsolidated
with high pore-fluid pressure.　　　　　　　　‘・
2.　Type　ｍ　dikes　show　ａ　strong　preferred　orientation (Fig. 8) .　This　implies ，that
an assumption of initial randomness of dike　intrusion　direction　is　not　valid　in　this
case.
Compaction continued　after .sand　diking　with　about　25％　of　thickness　reduction.
CｏｐｅＨａｎｅＳｅｃtｉｏａ
　Sandstone　dikes　at　this　location　occur　chiefly　within　an　50m　thick　shaly　part
which　strikes　N70E and　dips　overturnedly　60　degrees ‘ to　the　south.　Slaty　cleavage
developed in shale is　parallel to the bedding plane. Thin tuff intercalations　within
shale are ａ good indicator of bedding attitude.
　Overall orientation of dikes restored to the cleavage plane ( = bedding plane) show
ａ　close　resemblance　to　the　Cape　Gyoto　section ；　a　girdle　distribution　with　clear
type　I ( Plate　4A ) and　type　in ( Plate　4B, C ) groupings ( Table　2, Figs.
10, 11).　Observed　field!ヽelationships　are　also　similar　to　the　previous　section.
Transformation among dike types is also quite common making ａ complex net work of
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　　　　　　　　　　　　　　　　TABLE ２
ORIENTATION DATA OF SANDSTONE DIKES' CAPE HANE
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Ｈ　　　　　　Ｌ　　　　　　Ｉ　　　　　　Ｄ　　　　　　Bedding　　　　　ｌ
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dike　swarm (Figs. 12　and　Plate　4D, 5A, C ) .The dikes　form lumps　or reservoirs
as shown in Figure １３and Plate４Ｂ.
CAPE HANE
Fig. 10..　Stereo　plot　of　in　situ
　poles　of　sandstone　dikes ( solid
　circle) and cleavage (χ）.　Bedding
　is parallel　to cleavage.　Cape　Hane.
CAPE HANE
Fig. 11.　Stereo　plot　of　poles　of
　sandstone　dikes　restored　to　the
　cleavage　plane　horizontality. Cape
　Hane.
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Fig. 12.　Network of sandstone dikes√Cape Hane
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Fig. 13.　Network of sandstone dikes with lumps, Cape Hane
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　The strike direction of type　Ⅲ　dikes show　ａ　well-grouped　orientation　with　N25W
mean direction (Fig. 14).
　The post-diking compaction can be calibrated using the shortening of .type　Ⅲ　dykes
as　shown　in　Figure　１５　and　Plate　5B, D.　The　amount　of　compaction ( thickness
reduction) obtained was　15　to ２５ percent, values　similar　to　the　one　obtained　at　the
Gyoto section.
　Analysis　of　the　dike　data　at　this　section　supports　the　conclusions　obtained　from
the Cape Gyoto section.
Ｎ
Fig. 14.　Rose　diagram　showing　angular　frequency
　　　distribution　of　strike　direction　of　Type　･Ⅲ（･high
　　　angle　to　cleavage) sandstone　dikes.　Cape　Hane.
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DIKE 50
Fig. 15.　Sketches　showing　the. shortening　of　Type　Ⅲ　dikes.
　　Left = dike　1, middle = dike　14, right = dike　50. Cape　Hane.
INTERPRETATION AND SPECULATION
　The above　obsevations suggest　that sandstone　diking　W郎　apparantly　controlled　by
the　pｒｅ卵nee　of initial　platyイabric　in　mudstone.　　At　the　time　of　dike　generation,
mud was dehydrated and compacted enough to form ａ preferred orientation of platy minerals.
Intiation of such platy fabric commonly occur･ in the mud of less than 50% porosity
　(Bennet and others, 1981). The calibration of compaction rate indicates 15 to 25％
thickness reduction. As the present　Shimanto shale　shows the porosity　value　usually
less than ａ few persent (Hada, personal comm.), the porosity value of mud at the time
of sand diking is about 30 percent.　The 30 percent porosity can be typically produced
at burial depth of several hundreds of meters (Pettijohn, 1975, p. 276).
ficance of sandstone dikes in the Eocene Murotohanto
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　An　image　of　sand　intrusion　into　soft　and　water-saturated　sediments　is　erroneous
for　the　Murotohanto　Group　dikes.　It　is　thus　possible　to　interpret　the　strong
prefered orientation of dikes based on ａ mechanism analogous to igneous dike intrusion
　(Nakamura, 1977 ) . In　fact, the　setting　could　be　quite　similar　between　igneous
dikes and　certain　kind　of　sand　dikes.　In　the　present　case, sands　were　apparantly
overpressured　while　surrounding　muds　were　compacted　to　consolidated　rocks.　l　in-
terpreted　the　preferred　orientation　of　type　ｍ　dikes　as　a　direct ，result　of　stress
field whose maximum compression is very large compared to the o゛ther components and
the　direction　is　parallel　to　strike　direction ( N20W ) of　dikes ( see　Fig. 16 ) .
Judging from　the general perpendicularity of compression direction　to　the strike　of
Dike
Type I
▽こン61
　　　　　　　　　　　Fig. 16.　Schematic　　picture　　showing　　sandstone
　　　　　　　　　　　　dike framework and maximum compressional stress.
the　Shimanto　Belt, I　interpreted　this　stress　was　ind!jced　by　plate　convergence.
Paleomagnetic　work　by　Otofuji　and　Matuda ( 1983 ) showed　some　60　degrees　of
clock-wise　rotation　of southwest　Japan　during　Miocene　time.　Restoring　the　dike
orientation　by　counterclock　wise　rotation, the　presumed　i〕late　convergence　direction
of the Murotohanto Group is about N80W, ａり'end which　is similar to the present
day Pacific plate　motion　indicated　by　Hawaiian　hot　spot　trace.　As　the　radiolarian
age obtained　both　from Hane and Gyoto sections can be correlated to　Middle　Eocene
　(Okamura,゜personal Comm.) and the change of the pacific plate motion from Emperor
trend to Hawaii trend has been estimated to have taken place around 42 Ma (Late
Ｅｏｃｅｎｅ），･　the　sand　diking　may　have　took　place　some　significant　time　after　the
sedimentation.
　In this study, I have demonstrated　that　sandstone dikes　could　be ･generated　much
after substantantial reduction of porogity of. surrounding shaly rocks and thus, can be
ａ　good indicator　of　regional　stress　field.　In the　accretionary　prism, dehydration
and over porepressuring could be ａ common phenomena providing a favorable condition
for　extensive　sand　diking.　　Therefore, sand　dikes　ｍ　the　accretionary　prism can
provide a useful information on the direction of plate convergence.
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和　文　要　旨
　高知県の始新統室戸半島層群中に存在する砂岩岩脈について，配列方位と産状を検討した結果，
それらには，スレート畔開面に平行と直交する成分が卓越し，直交する成分はN20W方向に集中す
る。これらのことより，直交する砂岩岩脈は，最大圧縮応力に平行に貫入したと考えられ，砂岩岩
脈も，火成岩岩脈と同じく，応力分布の推測に役立ち，付加プリズ４中では，プレートの沈み込み
方向が推定できる。　　　　　　　　　　　　　　　　　　｀い
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Plates １～5
Ａ．
Ｂ．
Ｃ
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Plate 1
Flysch sequence ｅχposed at Cape Gyoto
Dike 94，Cape Gyoto
Dike 94｡
Initial part of dike ･94｡
Plate　1
????
Plate 2
Dike 96， Cape Gyoto.
Dike 97， Cape Ｇyｏt０.‘
Cleavage･parallel dike
Cleavａｇｅ-parallel dike
at Cape
at Cape
Gyoto
Gyoto.
Plate　2
????????
　　　　　　　　Plate 3
Dike intruding slump bed, Cape Gyoto.
Dike intruding slump bed, Cape Gyoto.
Cleavage-verticaldike, Cape Gyoto.
Dike 73 showing compaction arvund the dike｡
　Cape Cyoto.
Plate　3
????????
　　　　　　　　Plate 4
Cleavage-vertical dikes, Cape Hane.
Lump in dike 44，Cape Hane.
Lenticulary fractured dike 17，Cape Hane
Network of dikes, Cape Hane.
Plate　-4
???
Ｄ。
　　　　　　　　Plate ５
Ceavage-parallel and inclined dikes, Cape Hane.
Dike 14 showing shortening.
Transformation a dike from cleavage-incline type to
　cleavage parallel type. Cape Hane.
Dike l showing shortening｡･
Plate　5
